An intense fear of abandonment or rejection is a central feature of social relationships for individuals with borderline personality disorder (BPD). A total of 20 unmedicated BPD patients and 20 healthy participants (HC, matched for age and education) played a virtual ball-tossing game including the three conditions: exclusion, inclusion and a control condition with predefined game rules, whereas cerebral activity was assessed using functional magnetic resonance imaging. Subjective experiences of exclusion were assessed after each blocked condition. Both groups felt similarly excluded during the exclusion condition; however, BPD subjects felt more excluded than HC during the inclusion and control conditions. In all three conditions, BPD patients showed a stronger engagement of the dorsal anterior cingulate and medial prefrontal cortex. For HC, activation in several cerebral regions such as the insula and the precuneus differed depending on the interaction situation, whereas for BPD subjects activation in these regions was not modulated by experimental conditions. Subjects with BPD differed from HC in both their subjective reactions to and their neural processing of social interaction situations. Our data suggest that individuals with BPD have difficulty in discriminating between social situations, and tend to hypermentalize during social encounters that are not determined by the intentions of others.
INTRODUCTION
Borderline personality disorder (BPD) is a severe psychiatric disorder affecting about 3% of the adult population (Trull et al., 2010) . Core features of BPD are affective dysregulation, identity disturbances and problems in social interaction (Lieb et al., 2004) , with an intense fear of loss, abandonment, or rejection by social partners (Diagnostic and Statistical Manual of Mental Disorders (DSM-V); APA, 2013) . Clinical experience suggests that social rejection and solitude can trigger states of aversive tension in individuals with BPD, and that these conditions often precede self-injurious behaviors (Herpertz, 1995; Stiglmayr et al., 2005) . Staebler et al. (2011a) found that BPD patients scored higher than either healthy controls or patients with anxiety disorders, including social phobia, or mood disorders, on a questionnaire measuring rejection sensitivity (Downey and Feldman, 1996) . Compared with either of the other groups, they reported a greater tendency to both expect and perceive rejection in social situations and to react more strongly to those experiences. These findings were confirmed in a study employing the 'cyberball' game in which the experience of social rejection is induced under experimental conditions (Staebler et al., 2011b) . In this paradigm, participants engage in an online ball-tossing game with partners who they believe to be co-participants, but in fact are pre-programmed virtual players. In the 'inclusion' condition, all players receive the same number of ball tosses, whereas in the 'exclusion' condition the co-players stop tossing the ball to the subject, thereby excluding him from the game. BPD patients felt more rejected than did healthy controls (HCs) independent of the experimental conditions, i.e. they felt more rejected even when they were being equally included.
Only one study, using a small sample (10 BPD patients), has directly examined cerebral correlates of social inclusion and exclusion in BPD (Ruocco et al., 2010) . In this study, BPD patients played a card game with two real partners while undergoing functional near-infrared spectroscopy. The card game was adapted from the cyberball paradigm. Findings showed altered processing in the frontolimbic regions during social rejection. Specifically, activity in the medial prefrontal cortex (mPFC) was increased and was correlated with general rejection and abandonment fears.
In contrast, numerous studies have investigated the cerebral processing of social rejection in healthy individuals. Several of these found enhanced activation during social exclusion in the dorsal anterior cingulate cortex (dACC) that partly correlated with an enhanced subjective experience of social exclusion (Eisenberger et al., 2003; Kross et al., 2007 Kross et al., , 2011 Kawamoto et al., 2012) . Eisenberger and Lieberman (2004) suggested that activity within this region is linked to the activation of a 'neural alarm system' relevant for the detection of social exclusion through conflict monitoring. The ventral anterior cingulate cortex (vACC) and the insula have been identified as two other cerebral structures that are essential for the processing of social exclusion. Following the general model of emotion regulation (Ochsner and Gross, 2005) , an enhanced activation of these structures has been linked to the affective value of the experience of social exclusion (Eisenberger et al., 2003; Somerville et al., 2006; Onoda et al., 2009; Bolling et al., 2011; Kross et al., 2011; Moor et al., 2012) . A positive covariation of insula and vACC activation with self-reported experience of exclusion supports this idea (Kross et al., 2007; Onoda et al., 2009; Way et al., 2009; Moor et al., 2012) . Enhanced activation during exclusion has also been observed in brain areas, such as the mPFC, the posterior cingulate cortex (PCC) and the precuneus (Kross et al., 2007; Onoda et al., 2009; Bolling et al., 2011; DeWall et al., 2012; Kawamoto et al., 2012) . These regions have been linked to self-referential processes, to mentalizing, to evaluation of responses to negative affective stimuli and to episodic memory retrieval (Ochsner et al., 2004; Spreng et al., 2009) . It has been suggested that they modulate the affective response to social exclusion. Further, the regulation of the experience of social rejection is also associated with activation in the dorsolateral prefrontal cortex (dlPFC) and the ventrolateral prefrontal cortex (vlPFC) (Eisenberger et al., 2003; Somerville et al., 2006; Kross et al., 2007; Bolling et al., 2011; DeWall et al., 2012; Kawamoto et al., 2012; Moor et al., 2012) .
Differences in cerebral processing of social exclusion correlated with rejection sensitivity and with self-esteem. Under conditions of social exclusion, Kross et al. (2007) found that subjects with a high rejection sensitivity showed less activation in the dlPFC and vlPFC regions than did subjects with a low sensitivity, whereas Onoda et al. (2010) found that subjects with low self-esteem showed an enhanced activation of the dACC, the vACC, the mPFC, the insula and the precuneus. These findings suggest that similar alterations during the processing of social exclusion might be observed in BPD, i.e. a reduced activation in dlPFC and vlPFC linked to the high rejection sensitivity in this disorder along with increased engagement of the dACC, vACC, the mPFC, the insula and the precuneus due to the reduced self-esteem described in BPD patients (Ruesch et al., 2007; Lynum et al., 2008; Staebler et al., 2011a) .
Findings of studies on the effects of rejection sensitivity and self-esteem during social exclusion in healthy subjects correspond to cerebral alterations having been described in neuroimaging studies on BPD and which are summarized in a neurobiological model of disturbed top-down cognitive control of emotion processing in BPD (e.g. Koenigsberg et al., 2009; Schmahl, 2009, 2012; Mauchnik and Schmahl, 2010; O'Neill and Frodl, 2012; New et al., 2012 ; see also Ruocco et al., 2013) . This model assumes that BPD patients exhibit hyperreactivity in limbic structures such as the amygdala and insula in combination with a reduced activation of prefrontal brain regions, with the ACC as a modulator of the bottom-up and top-down systems. These alterations are assumed to result in impairments of emotion processing that are clinically observable as a pronounced affective instability and enhanced sensitivity and reactivity to emotional information (Linehan, 1993; Koenigsberg, 2010) .
The aim of this study was to gain further insight into the cerebral processing of social rejection in patients with BPD by using functional magnetic resonance imaging (fMRI) during experimentally induced experiences of social rejection. We hypothesized that in the cyberball paradigm, (i) BPD subjects would feel more excluded during social interactions than HCs, and (ii) that this would be linked to alterations in the activation of cerebral structures that are engaged in social rejection and modulated by rejection sensitivity and self-esteem. We expected enhanced activation in the dACC, insula and mPFC, as well as reduced activation in the vlPFC and dlPFC in BPD patients as compared with HCs.
METHODS

Subjects
The sample consisted of 20 adult females, who met at least five of the nine DSM-IV criteria for BPD and have not been on psychotropic medication for at least 2 weeks, and 20 female HCs with no lifetime or current psychiatric diagnoses. The groups were matched for age and education (Table 1) . We recruited the patients from our department database, whereas HCs were contacted by newspaper advertisement. All patients were outpatients at the time of the investigation. General exclusion criteria were a lifetime history of psychotic or bipolar I disorder, current major depressive episode, current substance abuse or addiction, current pregnancy, history of organic brain disease, skull or brain damage, or severe neurological illness. We also excluded participants who had any metal implants in their body, were left-handed, or who suffered from claustrophobia.
The diagnosis of BPD according to DSM-IV was made by trained clinical psychologists using the International Personality Disorder Examination (Loranger, 1999) , and Axis I disorders were assessed using the Structured Clinical Interview for DSM-IV (SCID-I; First et al., 1997) . We additionally assessed BPD symptom severity using the Borderline Symptom List (BSL; Bohus et al., 2007) , general psychopathology using the Brief Symptom Inventory (BSI; Derogatis, 1993) , trait dissociation using the German adaptation (Fragebogen zu Dissoziativen Symptomen (FDS); Freyberger et al., 1998) of the Dissociative Experiences Scale (Bernstein and Putnam, 1986) , depressive symptoms using the Beck Depression Inventory (BDI; Beck et al., 1961) , rejection sensitivity using the Rejection Sensitivity Questionnaire (RSQ; Downey and Feldman, 1996) , and self-esteem using the Rosenberg Self-Esteem Scale (SES; Rosenberg, 1965) . For further sample characteristics, see Table 1 and for test descriptions see Supplementary Table S1 . The study was conducted in accordance with the Declaration of Helsinki, and was approved by the Research Ethics Board of the University of Heidelberg. Subjects provided written informed consent prior to study participation.
Functional and structural MRI acquisition Brain images were collected using a Siemens TRIO-3T MRI scanner (Siemens Medical Systems, Germany). For each participant, a high resolution anatomical scan using T1-weighted 3-D magnetizationprepared rapid acquisition gradient echo (1 Â 1 Â 1 mm 3 voxel size) was acquired and used as an individual template for normalization of functional data. The blood oxygen level-dependent signal was measured using T2-weighted gradient echo planar imaging (EPI) with the following protocol parameters: field of view ¼ 192 Â 192 mm, voxel size ¼ 3 Â 3 Â 3 mm, echo time ¼ 30 ms, repetition time (TR) ¼ 2000 ms, number of slices ¼ 36, matrix ¼ 64 Â 64. The first five scans were discarded to minimize T1 effects.
Experimental design and tasks
Subjects played a total of 18 rounds of the cyberball game that is well established to induce social rejection (Williams et al., 2000; PTSD, post-traumatic stress disorder; OCD, obsessive-compulsive disorder. Eisenberger et al., 2003; Williams and Jarvis, 2006) . Six rounds were played in each of three experimental conditions: social exclusion, social inclusion and a control condition. All rounds were played with two virtual partners, who the subject was told were co-participants. To increase the ecological validity of the paradigm, photographs of the two virtual co-players were presented throughout the game, as proposed by Williams et al. (2000; Krill and Platek, 2009; Bolling et al., 2011) . In the exclusion condition, the subject received the ball only once at the beginning of each round, and was then ostracized for the remainder of the round. In the inclusion condition, all players received an equal number of ball tosses. In the control condition, each player again received an equal number of ball tosses, but here, subjects were told that the direction of the toss was determined by a specific rule, whereby each player was obligated to toss only to the partner on the right or on the left. In this condition, therefore, other players' actions could not be attributed to their intentions. We added this control condition since in the study by Staebler et al. (2011b) , BPD patients reported a higher sense of exclusion during even the inclusion condition of the game. We hypothesized that compared with healthy subjects, BPD patients would feel more excluded and show stronger engagement of cerebral areas linked to the experience of social exclusion during both the exclusion and the inclusion conditions, but not during the control condition. Each cyberball round had a duration of about 30 s. Before each round, subjects were told whether or not players could choose where to toss the ball, and if not, whether they were to throw to the player on their left or their right. The different conditions were presented in a pseudo-random sequence. Each round was followed with equal probability and in pseudo-random order by the administration of either a painful or non-painful temperature stimulus. Data relating to this variable are reported elsewhere.
After each round, the perceived percentage of received ball tosses (0-100%) was assessed, and subjects indicated on a visual scale (11 points, ranging from 'not at all' to 'very strong') their experiences of being excluded, of being included, the level of inner tension, the strength of dissociative symptoms and the painfulness of the temperature stimulus. At the end of the experiment, participants were asked to rate on an 11-point rating scale whether they had doubts about playing with real partners from the game start.
Data analysis Behavioral data
Differences in subjective ratings were tested using 2 Â 3 repeated measures analyses of variance (ANOVA), with the between-subject factor of 'group' (HC, BPD) and the within-subject factor of 'ball tossing condition' (exclusion, inclusion, control). Post hoc analyses were performed by pairwise comparisons (Bonferroni corrected for multiple testing). SPSS (version 20; SPSS Inc., USA) was used as the statistical software.
fMRI data Functional imaging data were analyzed using standard procedures (SPM8; Welcome Department of Cognitive Neurology, London, UK). Preprocessing of the EPI time series was conducted following customary practice: slice time correction and spatial realignment to correct for head motion, and co-registration onto participants' T1-scan; normalization to the standard brain of the Montreal Neurological Institute space; re-sampling to 3-mm 3 voxels; and smoothing with a Gaussian kernel with a full-width at half of maximum of 9 mm. Six regressors were used to model the first-level analysis: three regressors for the ball tossing conditions of 'exclusion', 'inclusion' and 'control' together with two regressors for the pain and temperature blocks which followed the ball tossing conditions; and one for modeling key presses. The six realignment parameters were additionally modeled. A high-pass filter of 512 s was applied. Second-level analysis was carried out with a flexible-factorial model that included the first level contrasts for the three ball tossing conditions for BPD patients and HCs. The following factors were entered: 'subject', 'group' and the experimental condition 'ball tossing condition'. We included the main-effect of subject, group and condition together with the interaction effect of group by condition as regressors in the design matrix. Following Lieberman and Cunningham (2009), we report voxels that met an uncorrected threshold of P < 0.001 and were part of a cluster larger than 10. Statistical analysis was carried out using a variance analytical approach to control the experiment-wise error rate within our 2 Â 3-experimental design with the independent factor 'group' and the repeated measurement factor 'ball tossing condition' instead of calculating multiple pairwise comparison with t-contrasts. Following this reasoning, we report F-statistics for the main effect of 'ball tossing condition' and the interaction effect of this factor with the factor 'group' and thereby identify those brain regions for which activation differences above chance could be observed due to the influence of any of the different social encounters with and without modulation by group. To determine the exact nature of these effects, post hoc tests were calculated with the beta values of the peak-voxel within each cluster by means of independent and dependent t-tests (Bonferroni-corrected) using SPSS. As the flexible factorial model does not allow for the calculation of the main effect of the independent factor 'group', this effect was tested with a two-sample t-test to compare brain activation between groups independent of the ball tossing condition (McLaren et al., 2011) . Additionally, t-contrasts are reported in the Supplementary Data (Supplementary Table S4 ).
RESULTS
Behavioral data
All participants of both groups reported on having no doubts on playing with real partners (mean score BPD: 1.55 s.d. 2.3, HC: 1.7 s.d. 2.0, t ¼ 0.22, P ¼ 0.824). The statistical analysis revealed a main effect 'group' for the experience of exclusion and inclusion assessed after each block of the cyberball game; however, its interpretability is restricted by the higher-order interaction effect 'group' and 'condition' (Table 2) : compared with HCs, BPD subjects experienced a greater sense of exclusion and a lesser sense of inclusion during both the inclusion (P ¼ 0.001, respectively P ¼ 0.001) and the control conditions (P < 0.001, respectively P ¼ 0.001), but not during the exclusion condition (all P > 0.5).
There was a trend toward condition-dependent differences for the received ball tosses between groups (see 'group' Â 'condition' interaction in Table 2 ). The difference in the perceived percentage of received ball tosses between the exclusion and inclusion conditions was more accentuated in the HCs than in the BPD subjects (P ¼ 0.032).
Inner tension was increased across all experimental conditions in BPD subjects compared with HCs (see main effect 'group' in Table 2 ). BPD subjects reported more intensive dissociative symptoms than HCs during each of the ball tossing conditions (main effect group; Table 2 ). Additionally, the extent of dissociative symptoms was modulated by the ball tossing condition (see interaction by group and condition, Table 2 ): although the HCs reported similar dissociative symptoms across experimental conditions (all P > 0.1), BPD subjects reported more dissociative symptoms after the exclusion compared with the inclusion and control conditions (P ¼ 0.002, respectively P ¼ 0.001).
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Main effect group
Whole-brain analysis revealed significantly higher activation in the BPD group in comparison to the HC group in several clusters, including the dorsal mPFC (dmPFC, BA6), the dACC (BA24 and 32), the precuneus (BA7), the superior and inferior parietal lobes (SPL, IPL; BA7, BA40), the occipital lobe (BA18, BA19) and the thalamus (independent t-test, P < 0.001 uncorrected, k > 10) (Figure 1 , Supplementary  Table S2 ). In the reverse contrast, we found no brain region with higher activation in HCs compared with BPD subjects. Activation within all of these clusters was modulated by the ball tossing condition, which was confirmed by masking procedures. However, this modulating effect equaled for both group differences, i.e. there was no interaction effects between group and ball tossing condition.
Main effect condition
A main effect of condition was seen for several clusters (Supplementary  Table S3 ): precuneus and parts of the IPL, the dmPFC (BA6), the dACC (BA 24, 32), the insula, the precentral gyrus, the PCC and two clusters in the middle temporal gyrus (MTG, BA 21, 22) . Post hoc tests for the peak-voxel activations of each cluster revealed different effects of the ball tossing conditions within these regions:
The only cluster that was most strongly activated during exclusion was in the left MTG (BA22; Supplementary Figure S1g , P < 0.01). A cluster in the right MTG (BA21) was also more activated during exclusion compared with the control condition (Supplementary Figure S1e , P < 0.001), but this activation did not differ from the inclusion condition.
Higher activation during both the exclusion and the control conditions compared with the inclusion condition was found in the insula and the primary motor cortex (Supplementary Figure S1c and f, all P < 0.001). In the precuneus and the dmPFC, activation was most pronounced during social inclusion (inclusion > exclusion > control, all P < 0.01, Supplementary Figure S1a and b) . In the PCC, the highest activation was found during the control condition (control > exclusion > inclusion, all P < 0.05, Supplementary Figure S1d) .
Interaction effect group Â ball tossing condition
Whole-brain analysis with the flexible factorial design revealed an interaction effect of 'group' and 'ball tossing condition' in several clusters ( Figure 1 , Table 3 ). One cluster was found in the right insula and expanded into the dlPFC (BA13/BA46). Additional clusters involved the right and left dmPFC (BA8 and BA6), and the precuneus (BA7) ( Table 3) . Figure 2 shows the activation of the peak-voxels of each of these clusters. Post hoc tests were calculated to compare activation between groups for the different experimental conditions: during the exclusion condition, post hoc tests revealed a stronger activation in the BPD group than in HCs for the peak-voxel within the right dlPFC (BA46) andas a trendwithin the precuneus region (Figure 2A and B) .
During the inclusion condition, peak-voxel activations were lower in BPDs than in HCs within the right dmPFC (BA6; Figure 2E ) andas a trendfor the left dmPFC (BA8; Figure 2C ).
During the control condition, activation was higher in BPDs than in HCs for the peak-voxels of nearly all clusters. Exceptions were the left dmPFC (BA8; Figure 2C ) for which this effect could be observed only as a trend, and the right dmPFC (BA6; Figure 2E ).
In the HC group, post hoc analysis revealed higher peak-voxel activation during social exclusion than the control condition within nearly all brain regions for which an interaction by group and experimental condition was seen with the flexible factorial design. Only for the left dmPFC (BA8), no differences between both conditions could be confirmed statistically. However, compared with the inclusion condition, activation during exclusion was decreased in all regions except for the insula. Here, no difference between exclusion and inclusion was observed. Activation during inclusion was higher than the control condition in all brain regions (all P < 0.05).
In contrast in the BPD group, post hoc analysis revealed no differences in peak-voxel activation between ball tossing conditions (all P > 0.1). Only within the precuneus cluster (BA7; Figure 2B ), peakvoxel activation was lower during the control condition than the inclusion condition (P ¼ 0.014), whereas no difference was confirmed compared with the exclusion condition.
DISCUSSION
The aim of this study was to investigate the experience of social exclusion and its underlying neural processes in individuals with BPD. We expected that, compared with HCs, BPD subjects would experience stronger feelings of social exclusion during social interactions, and that these feelings would be accompanied by alterations in the engagement of brain regions relevant for social exclusion and emotion Table 2 Mean and standard deviation of ratings after exclusion (EX), inclusion (IN) and control (C) condition of the cyberball game together with results of the 2 Â 3-ANOVA In case of significant interaction effects, means differing between groups are marked with * in the single ball tossing conditions. regulation. Our data indeed revealed higher exclusion ratings in BPD patients during the inclusion and control conditions. However, group differences in neural engagement were surprisingly most pronounced during social situations in which subjects were either included or in which interactions were determined by predefined rules. Previous studies reported stronger feelings of social exclusion independent of the experimental condition in BPD, or found no differences between groups (Ruocco et al., 2010; Staebler et al., 2011b; Renneberg et al., 2012) . In contrast, our data support the idea that BPD patients feel rejected by others even in situations in which they are actually being included (Staebler et al., 2011b) or in which social actions cannot be attributed to voluntary decisions of others.
Being accepted and included might be unexpected for most BPD patients, whose self-perception is characterized by negative beliefs of not being likable combined with an assumption that others are untrustworthy (Butler et al., 2002; Arntz et al., 2004; Baer et al., 2012 ). Festinger's theory of cognitive dissonance (1957) assumes that when people encounter a mismatch between their expectations and actual experiences, they can resolve it by changing their perception to match the expectation. In this study, the bias seen in BPD subjects in judging social inclusion situations might be explained as an attempt to reduce cognitive dissonance, resulting in a stabilization of negative beliefs.
In contrast to our expectations, both groups felt similarly excluded during the exclusion condition. This finding might be caused by a ceiling effect in the self-reported reaction to exclusion which prevented a further increase in the rating scores in the BPD group. An alternative explanation may be that social exclusion is so threatening that even healthy individuals react strongly to such an experience. This is in line with a study by Lawrence et al. (2011) , who reported no difference between BPD patients and HCs in the increase of negative emotions and decrease of positive emotions after social exclusion.
Beyond alterations in the subjective experience of social interactions in BPD, we identified an unspecific hyperactivation of several cerebral structures in the BPD group, and alterations that were dependent on the specific demands of the interaction situations. Independent of the ball tossing condition, BPD patients showed a hyperactivation in the dACC, the dmPFC and the precuneus. These structures have been linked to the experience of rejection in studies with healthy subjects (e.g. Eisenberger et al., 2003; Moor et al., 2012) . In agreement with the literature, these structures were differentially activated during the different ball tossing conditions. The modulating effect was comparable in both BPD and HCs. In the context of social rejection, the dACC has been discussed as a 'neural alarm system' relevant for the detection of social exclusion by Eisenberger (2012; Eisenberger and Lieberman, 2004) . The enhanced dACC-activation in BPD patients points to a Fig. 1 Overlay of main effect of 'group' (red) and interaction effect of 'group Â condition' (green). Red blobs correspond to brain regions with increased activation in the BPD group compared with HC independent of the social condition. Green blobs correspond to brain regions differing between groups depending on the type of social interaction condition. Overlap between main effect of 'group' and interaction effect of 'group Â condition' is represented in yellow. dmPFC: dorsal medial prefrontal cortex, dlPFC: dorsolateral prefrontal cortex, dACC: dorsal anterior cingulate cortex. 
Social rejection in BPD SCAN (2014)higher sensitivity of this system and may correspond to the detection of social exclusion cues even in situations where such cues do not exist. In line with this, Etkin et al. (2011) propose in their framework of emotional processing that dACC and dorsal mPFC are relevant for the detection and appraisal of emotional conflicts. The higher activation of the dmPFC fits with the findings by Ruocco et al. (2010) , although they reported higher activation in BPD patients in a more ventrally located part of the mPFC (BA9) and only during social exclusion. Additionally, activation of the mPFC and precuneus was previously linked to self-referential processes, mentalizing, and the evaluation of responses to negative affective stimuli (Ochsner et al., 2004; Spreng et al., 2009) . Generally enhanced activation in these structures in the BPD group supports the idea of an altered modulation of the affective response to perceived rejection that is independent of the specific interaction situation, including encounters during which the individual is in fact being included by others. It has to be mentioned that these group differences have to be interpreted with caution. All of these brain structures have previously been linked to various cognitive constructs that are not necessarily related to social-emotional processes. Although this restricts the interpretation of our findings, one might argue that the hyperactivation in the BPD group is indeed linked to social-emotional processing, as the activation in these brain regions was modulated by the ball tossing conditions. Nevertheless, further studies have to extend the experimental setting by a non-social control condition to gain further insight into the involved processes.
Apart from these general hyperactivations in BPD, we also found group differences that were linked to the ball tossing conditions. Unlike HCs whose cerebral activations were modulated by the specific experimental condition, BPD subjects showed similar brain activation in the different conditions. The most prominent differences between groups in brain activation were observed during the rule-driven control condition, during which BPD subjects showed significantly higher activation than HCs in nearly all brain areas relevant to the processing of social exclusion; namely the dlPFC, the dmPFC, the precuneus and the insula. Although activation could not be distinguished between the BA8) ; (E) dorsal medial prefrontal cortex (dmPFC, BA6); (F) insula (BA13). Group differences are reported with '*' for P < 0.05, '**' for P < 0.01, '***' for P < 0.001 and '(*)' for P < 0.1 (corrected for multiple comparisons). BPD: borderline personality disorder; HC: healthy control subjects.
inclusion and control conditions in BPD subjects, HCs disengaged cerebral structures linked to the 'social brain' during the control condition. This fits well with the finding that BPD features in an adolescent inpatient sample were linked to 'hypermentalizing', defined as an over-attribution of intentions and emotions to social partners (Sharp et al., 2011) . Hypermentalizingin this case, attributing intentions to co-players even in situations where those could not influence the interactionconstitutes one explanation for the missing disengagement of these brain areas in BPD subjects during the control condition. Further studies are required to investigate whether BPD patients have difficulties in distinguishing intrinsic or extrinsic motivations for the behavior of social partners. It seems worth noting that our data suggest differential alterations in subregions of the mPFC in BPD depending on the experimental conditions: within a region of the dmPFC covering BA6 and located close to the dACC, we found a general hyperactivation in BPD, whereas within a more anterior part of the dmPFC we conversely observed a reduced activation during social inclusion in BPD compared with HCs. In more anterior parts of the dmPFC corresponding to BA8, we observed a higher activation in the BPD group occurring only during the control condition. These findings strongly suggest a functional segregation within the mPFC in the context of the processing of social encounters, whereby different processes seem to be differentially affected by BPD. Following the model of Etkin et al. (2011) , all of the alterations observed within this study are localized within the dorsal part of the mPFC which has been linked to the detection and appraisal of emotional conflicts and action monitoring, rather than emotion regulation processes related to the ventral mPFC. Nevertheless, the differential effects of the interaction conditions within the dmPFC suggest that a finer grained linkage to cognitive functions is necessary to adequately explain our findings. One might speculate whether, e.g. the higher engagement of the more anterior parts of the dmPFC in BPD reflects a more intense experience of uncertainty as one aspect of the appraisal of social encounters (Volz et al., 2005) . This uncertainty may in particular be linked to BPD during social encounters in which the interaction behavior of social partners is not intrinsically motivated. However, further studies that manipulate these cognitive sub-functions experimentally are required to test whether they can be linked to BPD psychopathology.
Our unexpected finding of enhanced dlPFC activation during social exclusion in BPD contradicts our hypothesis of reduced prefrontal activation during social interaction in BPD, which would go along with the idea of a disturbed cognitive top-down control (Mauchnik and Schmahl, 2010) , and would have been in accordance with a decreased activation of the dlPFC and vlPFC during social exclusion with increasing rejection sensitivity (Kross et al., 2007) . However, following Etkin et al. (2011) , the higher dlPFC activation together with a generally enhanced dACC and dmPFC activation fits with the interpretation of enhanced conflict evaluation processes in BPD.
It has to be mentioned that in most regions the highest activation was observed during the inclusion condition. This finding was observed particularly in the healthy individuals and might be caused by the characteristics of the cyberball task as applied in this study. For methodological reasons, we applied the cyberball paradigm as a blocked design with an alternating sequence of exclusion, inclusion and control situations which were played with the same virtual partners. Studies with a comparable design (Bolling et al., 2011; Kawamoto et al., 2012; Moor et al., 2012) also reported enhanced activation in the parietal lobe and mPFC during inclusion. As the co-players remained the same during all conditions while varying their behavior, subjects may have been continually uncertain on what kind of behavior to expect. Thus, they may have put special effort into monitoring their co-players' behavior and detecting cues that signal social rejection. This monitoring would particularly be important during the inclusion condition since here, subjects could not rule out the possibility of being rejected at some later point. In contrast, during the exclusion condition, rejection already occurred close to kick-off; and during the control condition, it was downright prevented due to the predefined rules. Thus, the increased uncertainty about the partners' behavior during inclusion might result in an enhanced activation of the dACC and IPL as these are regions involved in salience detection and the control of goal-directed attention (Singh-Curry and Husain, 2009 ). In line with this explanation of a lower uncertainty during the exclusion and control conditions, HCs also engaged regulatory or evaluative mechanisms linked to regions of the dlPFC especially during the inclusion condition. It seems surprising that the BPD patients would not react to the uncertainty regarding potential social rejection during the inclusion condition by increased engagement of the dlPFC. One explanation might lie therein that alterations in social interactions in BPD on the one hand involve a misattribution of the partners' (negative) intentions independent of the partners' possibilities to influence the social encounter. On the other hand, they could involve a lack in trying to gather social cues to confirm or contradict expectations regarding the course of an interaction. Further research is required to clarify whether these two alterations in the processing of social encounters can actually be differentiated and confirmed in BPD.
Beyond that, using the same co-players during all experimental conditions might have affected the tendency to over-attribute intentions as compared with studies which have only applied one round of inclusion and exclusion in a fixed sequence or have used a between-subject design (e.g. Eisenberger et al., 2003; Ruocco et al., 2010; Staebler et al., 2011b; Renneberg et al., 2012) . Further studies are needed to investigate whether using different teams of co-players during inclusion and exclusion would affect the experience of being rejected, and whether it would differentially affect the engagement of cerebral structures potentially linked to coping with these experiences for BPD patients and healthy subjects.
Some shortcomings of this study have to be addressed. The methodological approach is only a first step toward understanding the experience of social exclusion in BPD. The observed alterations of processing during experimental conditions have to be linked to reallife problems in social functioning; and the specificity of the observed pattern of alterations for BPD remains to be investigated as we did not include a clinical control group. Beyond that, BPD patients are characterized by a multitude of different co-morbidities for which modulating effects on the experience of social rejection in different social interaction situations have yet to be investigated. The same holds true for the contribution of different symptom dimensions, as well as for the effect of prior history of bullying, physical abuse and emotional neglect. To rule out potential effects of depressive disorders, we had excluded subjects with current depressive episode. In addition, we assessed the effects of depressive symptoms as measured by the BDI corrected for borderline symptom severity on brain imaging data. None of the described alterations could be explained by the severity of depressive symptoms.
In summary, our data point toward an altered processing of social interaction situations in unmedicated female BPD patients. This difference was not manifested in a higher sensitivity to actual social exclusion, but rather in a bias toward perceiving social exclusion during interactions that involved social inclusion as well as 'neutral' social encounters. These subjective experiences were linked to alterations in cerebral processing within structures of the 'social brain' (Mars et al., 2012) . In a recent review of social interaction in BPD, Lis and Bohus (2013) concluded that social interaction problems in BPD occur not only during challenging social situations such as provocation or rejection but also under 'normal' conditions. Our results strongly support
